PHOTOGRAPHIC APPARATUS AND SYNCHRONOUS 
PHOTOGRAPHY TIMING CONTROLLER 



BACKGROUND OF THE INVENTION 
5 (1) Field of the Invention 

This invention relates to a photographic apparatus 
having a plurality of cameras such as video cameras, and a 
synchronous photography timing controller for use with this 
apparatus. More particularly, the invention relates to a 

10 technique for photographing, by synchronizing a plurality of 
cameras, subjects in the fields of scientific measurement 
including fast moving bodies such as rockets, explosions, 
turbulences, electric discharge, movement of microbes under 
a microscope, and signal transfer of the brain and nervous 

15 system. 

(2) Description of the Related Art 

A conventional high-speed photographic apparatus 
with high-speed video cameras is capable of performing a 
series of photographic operations at an extremely high speed, 

20 e.g. high-speed photography for obtaining 100 photographs 
successively at very short intervals. The term "photograph- 
ing speed" used in this specification represents the number 
of frames per unit time (the unit being frames per second). 
A specific example of photographing speed herein is in the 

25 order of 1 million frames per second. The term 
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"photographing interval" used herein represents a time 
taken in photographing one frame, i.e. time per unit frame / 
(the unit being seconds per frame). A specific example of 
photographing interval is in the order of one millionth 
5 second (l^S) per frame. Thus, photographing speed is the 
inverse of photographing interval. With such high-speed 
photography it is possible to photograph successively a 
photographic subject whose state changes continuously 
within a very short time (e.g. a phenomenon occurring at a 

10 moment of explosion). 

It is also possible to perform high-speed photography 
by synchronizing a plurality of video cameras. For example, 
a plurality of video cameras have color filters of different 
wavelength characteristics attached to lenses that take in 

15 optical images of a photographic subject. These cameras 
may be synchronized to perform high-speed photography, to 
photograph a photographic subject simultaneously by lights 
of different wavelengths. 

For high-speed photography performed by 

20 synchronizing a plurality of video cameras, an external trig- 
ger signal (high-speed photography start signal) transmitted 
from outside to the video cameras for starting high-speed 
photography. The trigger signal may be transmitted to the 
video cameras simultaneously in a parallel mode, or succes- 

25 sively in a serial mode. 



However, a conventional high-speed photographic 
apparatus noted above may fail to synchronize the plurality 
of cameras accurately when performing high-speed photogra- 
phy. 

5 No serious problem is caused by inaccurate 

synchronization in time of low photographing speed. In 
particular, the cameras cannot be synchronized accurately in 
time of photographing speed close to an upper limit (maxi- 
mum photographing speed). 

10 In the case of video cameras used in synchronous 

photography, each camera has a separate internal clock 
signal for controlling progress of a photographic sequence 
when picking up an image for one frame. There is no 
relationship between the internal clock signals of the video 

15 cameras. Thus, the video cameras are out of step with one 
another in progress of the photographic sequence. 

In the former mode of transmitting an external trig- 
ger signal to the video cameras in parallel when performing 
synchronous photography, the external trigger signal is sup- 

20 plied separately without being coordinated. Besides, the 
parallel supply of the external trigger signal gives no solu- 
tion to the lack of a correspondence between the internal 
clock signals. The video cameras remain out of step with 
one another in progress of the photographic sequence. That 

25 is, the video cameras cannot be synchronized accurately, 
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with the stages in the photographic sequence at a given time 
not being in full agreement for all of the video cameras. 

In the latter mode of transmitting an external trigger 
signal to the video cameras in series when performing 
5 synchronous photography, the state of the photographic 
sequence is indefinite at a time of receiving the trigger 
signal from an upstream video camera. This results in 
variations in the time from receipt of the external trigger 
signal to start of high-speed photography, depending on the 
10 state of the photographic sequence when the downstream 
video camera receives the external trigger signal. Thus, 
accurate synchronization is impossible in this case also. 

SUMMARY OF THE INVENTION 

15 This invention has been made having regard to the 

state of the art noted above, and its object is to provide a 
photographic apparatus capable of performing photography 
with a plurality of cameras synchronized accurately, and a 
synchronous photography timing controller for use with this 

20 apparatus. 

The above object is fulfilled, according to this inven- 
tion, by a photographic apparatus having a plurality of cam- 
eras and one synchronous photography timing controller, 
each of the cameras having (a) an image pickup device for 

25 taking in optical images of a photographic subject, carrying 
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out a photoelectric conversion thereof, and outputting the 
images as electric signals for forming photo images, and (b) a 
synchronous photography timing controller for controlling 
the image pickup device to repeat an operation to obtain one 
5 photograph in a photographic sequence according to an 
external clock signal supplied from outside the cameras, to 
reset the photographic sequence once to return to a start 
state in response to an external reset signal supplied from 
outside the cameras, and to start photography in response to 
10 an external trigger signal supplied from outside the cameras, 
wherein the synchronous photography timing controller com- 
prises: 

a clock signal supply device for supplying the exter- 
nal clock signal to each of the cameras; 
15 a reset signal supply device for supplying the exter- 

nal reset signal to each of the cameras; and 

a trigger signal supply device for supplying the exter- 
nal trigger signal to each of the cameras; 

whereby synchronous photography is performed with 
20 the plurality of cameras according to the external clock 
signal, the external reset signal and the external trigger 
signal supplied from the synchronous photography timing 
controller. 

With the photographic apparatus according to this 
25 invention, when a plurality of cameras are synchronized to 



perform photography, the synchronous photography timing 
controller supplies each camera with the external clock 
signal, external reset signal and external trigger signal. 
Then, synchronous photography is performed as follows. 
5 When the external clock signal is supplied first, the photo- 
graphic sequence control device starts repeating a photo- 
graphic sequence for obtaining one photograph according to 
the external clock signal. When the external reset signal is 
supplied next, the photographic sequence control device of 

10 each camera resets the photographic sequence to return to a 
start state once. Then, when the external trigger signal is 
supplied, the photographic sequence control device causes 
the image pickup device of each camera to start an image 
pickup operation for high-speed synchronous photography. 

15 Thus, in this invention, the single synchronous 

photography timing controller supplies the cameras for 
synchronous photography, with the external clock signal for 
controlling progress of a photographic sequence for obtaining 
a photograph, the external reset signal for resetting the 

20 photographic sequence, and the external trigger signal for 
causing each camera to start high-speed photography, all in 
a coordinated manner. A timewise corresponding relation- 
ship is maintained between the external clock signals and 
between the external reset signals being supplied in the 

25 coordinated manner. The external reset signals reset 



photographic sequences of the respective cameras, so that 
the photographic sequences also progress in a timewise 
corresponding relationship. Photographing operations of 
the cameras started by the external trigger signals supplied 
5 in the coordinated manner progress in a strictly timewise 
corresponding relationship. As a result, the plurality of 
cameras are synchronized accurately to perform photogra- 
phy- 

The synchronous photography timing controller may 
10 supply the signals as follows, for example. The synchronous 
photography timing controller may supply the external clock 
signal, the external reset signal and the external trigger 
signal, each in phase without a time lag between the cam- 
eras. 

15 When synchronous photography is performed with 

this construction, the cameras start repeating a photo- 
graphic sequence for obtaining one photograph in step with 
each other, and reset the photographic sequence in step with 
each other. The photographic sequence progresses at the 

20 same pace between the cameras, and photography starts at 
the same time. In this way, photographic operations of the 
respective cameras may be performed simultaneously and in 
parallel. 

In another example of supplying the signals, the syn- 
25 chronous photography timing controller may supply the 
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external clock signal and the external reset signal, each in 
phase without a time lag between the cameras, and supply 
the external trigger signal with a phase difference between 
the cameras, which is a time lag corresponding to a time 
5 taken for each of the cameras to obtain a predetermined 
number of images successively. 

When synchronous photography is performed with 
this construction, the cameras start repeating a photo- 
graphic sequence for obtaining one photograph in step with 

10 each other, and reset the photographic sequence in step with 
each other. Subsequently, the trigger signal is supplied to 
each camera, with a time lag corresponding to a time taken 
for a preceding camera to obtain a predetermined number of 
images successively. With the trigger signal supplied in 

15 this way to one camera after another, the cameras succes- 
sively perform continuous photography to obtain the 
predetermined number of images. Thus, images may be 
obtained continuously in number corresponding to a sum of 
the predetermined numbers of images obtained by the cam- 

20 eras. 

In a further example of supplying the signals, the 
synchronous photography timing controller may supply at 
least the external reset signal and the external trigger signal 
such that each of the external reset signal and the external 
25 trigger signal has a phase difference between the cameras, 
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which is a time lag corresponding to t + N where t is a time 
taken to pick up one image and N is the number of cameras. 

When synchronous photography is performed with 
this construction, as the external clock signal begins to be 
5 supplied, the cameras start repeating a photographic 
sequence for obtaining one photograph at each of 
photographing intervals. Then, the external reset signal is 
supplied with a time lag corresponding to [(photographing 
interval) 4- (number of cameras)], which successively resets 

10 the photographic sequence of each camera to uniform 

progress of the photographic sequence. As the external trig- 
ger signal is supplied with the time lag corresponding to 
[(photographing interval) -s- (number of cameras)], the cam- 
eras successively start photography. With the plurality of 

15 cameras seen as a whole, photography proceeds at 

photographing intervals of [(photography interval) -s- (num- 
ber of cameras)]. Thus, by setting photographing intervals 
to a minimum (i.e. maximum photographing speed), the 
maximum photographing speed can be increased by a multi- 

20 pie of the number of cameras. 

In the invention described above, it is sufficient to 
supply the signals such that each of at least the external 
reset signal and the external trigger signal has a phase 
difference between the cameras, which is a time lag corre- 

25 sponding to t N. A signal other than the external reset 



signal and the external trigger signal (e.g. the external clock 
signal) may also be supplied to have the phase difference 
between the cameras, which is the time lag corresponding to 
t + N. 

5 With a view to avoiding a phase difference which is a 

time lag resulting from variations in the length of the elec- 
tric cables, the synchronous photography timing controller, 
preferably, is connected to the cameras through electric 
cables of a substantially equal length for supplying the 

10 external clock signal, the external reset signal and the exter- 
nal trigger signal. 

With this construction, the synchronous photography 
timing controller supplies the external clock signal, the 
external reset signal and the external trigger signal to the 

15 cameras through the electric cables of a substantially equal 
length. It is then possible to avoid a phase difference which 
is a time lag resulting from variations in the length of the 
electric cables, occurring in each external signal between the 
cameras. 

20 In one example of photographic apparatus according 

to this invention, each of the cameras includes: 

an internal clock generating device for generating an 
internal clock signal to control progress of a photographic 
sequence by the image pickup device; and 

25 a clock switching device for switching clock signals 
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supplied to the photographic sequence control device 
between the external clock signal and the internal clock 
signal. 

With this construction, the clock switching device 
5 switches between the external clock signal and the internal 
clock signal. Thus, the photographic sequence of each cam- 
era may be performed according to the internal clock or 
external clock. 

In another aspect of the invention, there is provided a 

10 synchronous photography timing controller for use in a 

photographic apparatus having a plurality of cameras and 
one synchronous photography timing controller, each of the 
cameras having (a) an image pickup device for taking in opti- 
cal images of a photographic subject, carrying out a 

15 photoelectric conversion thereof, and outputting the images 
as electric signals for forming photo images, and (b) a 
synchronous photography timing controller for controlling 
the image pickup device to repeat an operation to obtain one 
photograph in a photographic sequence according to an 

20 external clock signal supplied from outside the cameras, to 
reset the photographic sequence once to return to a start 
state in response to an external reset signal supplied from 
outside the cameras, and to start photography in response to 
an external trigger signal supplied from outside the cameras, 

25 the synchronous photography timing controller comprising: 
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clock signal supply device for supplying the external 
clock signal to each of the cameras; 

reset signal supply device for supplying the external 
reset signal to each of the cameras; and 
5 trigger signal supply device for supplying the exter- 

nal trigger signal to each of the cameras; 

whereby synchronous photography is performed with 
the plurality of cameras according to the external clock 
signal, the external reset signal and the external trigger 
10 signal supplied from the synchronous photography timing 
controller. 

Thus, the synchronous photography timing controller 
according to this invention may be used as a component of a 
photographic apparatus, 
15 The various examples of construction according to 

this invention discussed hereinbefore in relation to the 
photographic apparatus are, where appropriate, applicable 
also to this synchronous photography timing controller. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, there 
are shown in the drawings several forms which are presently 
preferred, it being understood, however, that the invention is 
not limited to the precise arrangement and instrumentalities 

25 shown. 
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Fig. 1 is a block diagram showing an outline of a 
high-speed photographic apparatus according to this inven- 
tion; 

Fig. 2 is a block diagram showing a construction of a 
5 camera included in the apparatus according to this inven- 
tion; 

Fig. 3 is a block diagram showing a construction of a 
synchronous photography timing controller according to this 
invention; 

10 Fig. 4 is a flow chart showing a simultaneous parallel 

synchronous photographing process of the apparatus accord- 
ing to this invention; 

Fig. 5 is a signal waveform diagram showing input- 
ting of various external signals in time of simultaneous 
15 parallel photography; 

Fig. 6 is a flow chart showing a relayed synchronous 
photographing process of the apparatus according to this 
invention; 

Fig. 7 is a signal waveform diagram showing input- 
20 ting of various external signals in time of relayed synchro- 
nous photography; 

Fig. 8 is a flow chart showing a successive shift 
synchronous photographing process of the apparatus accord- 
ing to this invention; and 
25 Fig. 9 is a signal waveform diagram showing input- 
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ting of various external signals in time of successive shift 
synchronous photography. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 A preferred embodiment of this invention will be 

described in detail hereinafter with reference to the draw- 
ings. 

Fig. 1 is a block diagram showing an outline of a 
high-speed photographic apparatus according to this inven- 

10 tion. Fig. 2 is a block diagram showing a construction of a 
camera included in the apparatus. Fig. 3 is a block diagram 
showing a construction of a synchronous photography timing 
controller included in the apparatus. 

The high-speed photographic apparatus shown in Fig. 

15 1 includes three, first to third, cameras 1 A- 1C, a camera con- 
troller 2, and a synchronous photography timing controller 3. 
The apparatus further includes electric cables 4a-4c, 5a-5c, 
6a and 6b for transmission and reception of electric signals. 
The first to third cameras 1A-1C correspond to the cameras 

20 in this invention. The synchronous photography timing 
controller 3 corresponds to the synchronous photography 
timing controller in this invention. 

The three, first to third, cameras 1A-1C are 
high-speed video cameras all having the same construction 

25 (hereinafter simply called cameras 1A-1C with the "first to 
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third" omitted as appropriate). The camera controller 2 is 
operable by a photographer to input and set various photo- 
graphic conditions for the cameras 1A-1C, such as the num- 
ber of photographs to be taken, photographing intervals 
5 (photographing speed), an exposure time (shutter speed), 
photographic modes such as synchronous photography, and 
lighting conditions. The photographic conditions inputted 
to the camera controller 2 are transmitted and set to the 
cameras 1A-1C through corresponding electric cables 4a-4c, 

10 respectively. 

The synchronous photography timing controller 3 is 
used when synchronous photography is carried out with two 
or more cameras. For expediency of description, it is 
assumed here that synchronous photography is carried out 

15 with the three cameras 1A-1C. The synchronous photogra- 
phy timing controller 3 is constructed to input to each of the 
cameras 1A-1C an external clock signal that governs a 
photographic sequence for obtaining one photograph, an 
external reset signal for resetting and returning the photo- 

20 graphic sequence to a start state, and an external trigger 
signal for starting photography by each camera. The vari- 
ous signals are transmitted from the synchronous photogra- 
phy timing controller 3 to the cameras 1A-1C through the 
electric cables 5a-5c, respectively. In this embodiment, the 

25 electric cables 5a-5c all have substantially the same length 
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(substantially equal in length). 

The camera controller 2 is operable by the photogra- 
pher to input and set also types of synchronous photography 
performed by the three cameras 1A-1C (e.g. simultaneous 
5 parallel photography, relayed photography and successive 
shift photography described in detail hereinafter) as optional 
photographic conditions. The synchronous photographic 
conditions set at the camera controller 2 also are transmitted 
and set to the cameras 1A-1C and synchronous photography 

10 timing controller 3 through corresponding electric cables 
4a-4c and electric cable 6a, respectively. The synchronous 
photography timing controller 3 supplies the external clock 
signal, external reset signal and external trigger signal 
according to the set conditions. The cameras 1A-1C 

15 perform synchronous photography according to the set condi- 
tions, and in response to the external clock signal, external 
reset signal and external trigger signal supplied from the 
synchronous photography timing controller 3. In this 
embodiment, images obtained by synchronous photography 

20 are transferred to the camera controller 2 via electric cables 
4a-4c at a suitable time, and the photo images received may 
be displayed on an image monitor (not shown) mounted on or 
provided separately from the camera controller 2. The 
construction of each component of the apparatus will be 

25 described in detail hereinafter. 
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As shown in Fig. 2, each camera 1A-1C includes an 
optical lens 7, an image intensifier 8, a solid-state CCD 
image sensor 9 (hereinafter "CCD"), a CCD drive circuit 10, 
a photographic sequence control circuit 11, a PLL circuit 12, 
5 an internal clock oscillator circuit 13, an input clock selector 
switch 14 and a receiving circuit 15. The CCD 9 and CCD 
drive circuit 10 correspond to the image pickup device in this 
invention. The photographic sequence control circuit 11 
corresponds to the photographic sequence control device in 

10 this invention. A light source 16 is connected to each cam- 
era 1A-1C. This light source 16 is not absolutely necessary. 

An optical image of a photographic subject taken in 
through the optical lens 7 is optically amplified by the 
optoelectronic amplifying function of the image intensifier 8, 

15 and is then projected to the CCD 9. This image intensifier 8 
is used for sensitization by optical amplification, and for the 
purpose of shielding the CCD by a shutter function based on 
on-off switching of the gate. An ordinary mechanical shut- 
ter may be used instead where sensitization is unnecessary. 

20 The CCD 9 has a group of photodiodes for photoelec- 

tric conversion of the optical image, and a group of charge 
transfer elements. The CCD 9 has functions to perform a 
photoelectric conversion of the optical image for output as 
electric signals, and to act as a shutter when charges result- 

25 ing from the photoelectric conversion are stored or read. 
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Furthermore, the CCD 9 has an image store (not shown), 
which can hold a finite number of (e.g. 100) photo images. 
In time of high-speed photography, the image store succes- 
sively collects and stores photo images at set photographing 
5 intervals under control of the CCD drive circuit 10. The 
photo images stored in the image store are promptly trans- 
ferred to the camera controller 2 at a predetermined time 
such as after a photographing operation. 

The photographing intervals (photographing speed) 
10 in high-speed photography by the cameras 1A-1C are, for 

example, one millionth second (ljxS) per frame (or about one 
million frames per second). However, this is not limitative 
of course. 

In each camera 1A-1C, a 16MHz internal clock signal 
15 outputted from the internal clock oscillator circuit 13 and a 
16MHz external clock signal supplied from outside the cam- 
era are inputted to the photographic sequence control circuit 
11 after being changed into 32MHz by the PLL circuit 12. 
By switching action of the input clock selector switch 14, the 
20 clock to the photographic sequence control circuit 11 is 
switched between the external clock signal and internal 
clock signal. When the internal clock signal is inputted to 
the photographic sequence control circuit 11, the photo- 
graphic sequence of the camera 1A-1C proceeds according to 
25 the internal clock. When the external clock signal is input- 
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ted to the photographic sequence control circuit 11, the 
photographic sequence of the camera 1A-1C proceeds accord- 
ing to the external clock. Thus, the internal clock oscillator 
circuit 13 corresponds to the internal clock generating device 

5 in this invention. The input clock selector switch 14 corre- 
sponds to the input clock switching device. 

The receiving circuit 15 receives the external clock 
signal, external reset signal and external trigger signal 
transmitted from outside the camera, and inputs these 

10 signals to the photographic sequence control circuit 11. 

When lighting is required in time of photography, the light 
source 16 emits light under control of the photographic 
sequence control circuit 11 to illuminate the photographic 
subject. 

15 Furthermore, the photographic sequence control 

circuit 11 controls the CCD 9 and CCD drive circuit 10 so 
that photography is performed repeatedly to obtain one 
photograph in a photographic sequence according to the 
internal clock signal or external clock signal. In response to 

20 the external reset signal supplied from outside the camera, 
the photographic sequence once returns to a start state. In 
response to the external trigger signal supplied from outside 
the camera, photography is started by the CCD 9 and CCD 
drive circuit 10. 

25 As shown in Fig. 3, the synchronous photography 
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timing controller 3 includes an oscillator circuit 17 for 
producing the 16MHz external clock signal, a control logic 
circuit 18 for controlling input timing of the external clock 
signal, external reset signal and external trigger signal, 
5 delay circuits 19a- 19c for delaying these signals, transmit- 
ting circuits 20a-20c for transmitting the signals, and a PLL 
circuit 21. The control logic circuit 18 operates according to 
the clock signal changed into 32MHz by the PLL circuit 21 to 
input the external clock signal in 16MHz to each camera 

10 1A-1C. A reduction of radiated noise is achieved by supply- 
ing each camera 1A-1C with the external clock signal in 
16MHz, which is a half of 32MHz, required for the photo- 
graphic sequence control circuit 11. 

In the synchronous photography timing controller 3 

15 in this embodiment, the external clock oscillator circuit 17 
and delay circuits 19a- 19c correspond to the clock signal sup- 
ply device in this invention. The control logic circuit 18 and 
delay circuits 19a- 19c correspond to both the reset signal 
supply device and the trigger signal supply device in this 

20 invention. 

In this embodiment, the external clock signal, exter- 
nal reset signal and external trigger signal are supplied to 
the respective cameras 1A-1C through the electric cables 
5a-5c having substantially the same length. It is thus 

25 possible to avoid a time lag in each of the external signals 
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between the cameras due to variations in the length of the 
electric cables. 

The construction of the synchronous photography 
timing controller 3 will particularly be described in connec- 
5 tion with synchronous photography by the cameras 1A-1C. 
The apparatus in this embodiment is capable of selectively 
performing synchronous photography modes including 
simultaneous parallel synchronous photography, relayed 
synchronous photography and successive shift synchronous 

10 photography, which may be set through the camera control- 
ler 2. The synchronous photography is performed by the 
three cameras, for example, when the same view of a photo- 
graphic subject is to be photographed simultaneously with 
lights of different wavelengths, when a photographic subject 

15 is to be photographed simultaneously from different direc- 
tions, when obtaining photographs in number exceeding the 
number obtainable from continuous high-speed photography 
with one camera, or when photography is to be carried out at 
a speed exceeding a maximum photographing speed of one 

20 camera. 

The simultaneous parallel synchronous photography 
will be described first. Fig. 4 is a flow chart showing a 
simultaneous parallel synchronous photographic process. 
Fig. 5 is a signal waveform diagram showing inputting of the 
25 various external signals in time of simultaneous parallel 
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photography 

(Step SI) Set simultaneous parallel synchronous 
photography and supply external clock signal: 

As conditions for simultaneous parallel synchronous 
5 photography are set from the camera controller 2, as shown 
in Fig. 5, the same external clock signal begins to be sup- 
plied continuously all at once at a point of time TA1 from the 
synchronous photography timing controller 3 to the cameras 
1A-1C. At the same time, the input clock selector switch 14 

10 in each camera 1A-1C operates to input the external clock 
signal to the photographic sequence control circuit 11. In 
response to the external clock signal, the photographic 
sequence control circuit 11 starts repeating a photographic 
sequence for obtaining one photograph. In this simultane- 

15 ous parallel synchronous photography, the delay circuits 

19a- 19c do not operate but simply pass the external signals. 
Thus, no time lag occurs between the external signals sup- 
plied to the cameras 1A-1C. 

(Step S2) Set photographic conditions: 

20 Photographic conditions such as the number of photo- 

graphs and photographing intervals are set and transmitted 
to the cameras 1A-1C from the camera controller 2. Then, 
the cameras 1A-1C are placed on standby. It is assumed 
here that settings are made for 100 photographs and the 

25 maximum photographing speed. 
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(Step S3) Supply external reset signal and reset 
photographic sequence: 

As an external reset signal is supplied from the 
synchronous photography timing controller 3 simultaneously 
5 to the cameras 1A-1C at a point of time TA2 as shown in Fig. 
5, the photographic sequence control circuits 11 reset and 
return the photographic sequences to the start state all at 
once. Since the timing of supplying the external clock 
signal to the photographic sequence control circuits 11 is the 

10 same, the photographic sequences proceed in perfect accord 
after the reset. The control logic circuit 18 performs con- 
trols so that the point of time TA2 for supplying the external 
reset signal is a predetermined time from the point of time 
for setting photographic conditions. 

15 In this way, the external reset signal is supplied for 

each photographic operation to uniform photographic data 
obtained from the respective cameras 1A-1C. The reason 
for taking this measure is that the communication between 
each camera 1A-1C and camera controller 2 for transferring 

20 image data from each camera 1A-1C to the camera controller 
2 after setting photographic conditions in step S2 or after a 
photographic operation is not necessarily completed at the 
same point of time because of retransmission or restoration 
of the data after a failure in their transmission or reception. 

25 (Step S4) Supply external trigger signal and start 
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photography: 

As an external trigger signal is supplied from the 
synchronous photography timing controller 3 simultaneously 
to the cameras 1A-1C at a point of time TA3 as shown in Fig. 
5 5, the photographic sequence control circuits 11 cause the 
CCDs 9 and CCD drive circuits 10 to start photography all at 
once. The control logic circuit 18 performs controls so that 
the point of time TA3 for supplying the external trigger 
signal is a predetermined time from the point of time for 

10 setting photographic conditions, or coincides with a point of 
time when the synchronous photography timing controller 3 
receives a photography start command signal (e.g. an explo- 
sion occurrence detection signal) from outside the cameras 
via the electric cable 6b. 

15 (Step S5) Complete simultaneous parallel synchro- 

nous photography: 

High-speed photography progresses simultaneously 
and in parallel by the respective cameras 1A-1C to collect 
images for 100 frames in the image store of each CCD 9 for 

20 the first frame at start of photography up to the 100th frame. 
Thus, by simultaneous parallel synchronous photography, 
300 photographs in total are obtained, three photographs per 
frame, for the first to 100th frames. 

The relayed synchronous photography will be 

25 described next. Fig. 6 is a flow chart showing a relayed 
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synchronous photographic process. Fig. 7 is a signal wave- 
form diagram showing inputting of the various external 
signals in time of relayed synchronous photography 

(Step Ql) Set relayed synchronous photography and 
5 supply external clock signal: 

As conditions for relayed synchronous photography 
are set from the camera controller 2, as shown in Fig. 7, the 
same external clock signal begins to be supplied continu- 
ously all at once at a point of time TBI from the synchronous 

10 photography timing controller 3 to the cameras 1A-1C. At 
the same time, the input clock selector switch 14 in each 
camera 1A-1C operates to input the external clock signal to 
the photographic sequence control circuit 11. In response to 
the external clock signal, the photographic sequence control 

15 circuit 11 starts repeating a photographic sequence for 
obtaining one photograph. In this relayed synchronous 
photography also, the delay circuits 19a- 19c do not operate 
but simply pass the external signals. No time lag occurs 
between the external signals supplied to each camera 1A-1C. 

20 (Step Q2) Set photographic conditions: 

Photographic conditions such as the number of photo- 
graphs and photographing intervals are set and transmitted 
to the cameras 1A-1C from the camera controller 2. Then, 
the cameras 1A-1C are placed on standby. It is assumed 

25 here that settings are made for 100 photographs and the 
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maximum photographing speed. 

(Step Q3) Supply external reset signal and reset 
photographic sequence: 

As an external reset signal is supplied from the 
5 synchronous photography timing controller 3 simultaneously 
to the cameras 1A-1C at a point of time TB2 as shown in Fig. 
7, the photographic sequence control circuits 11 reset and 
return the photographic sequences to the start state all at 
once. Since the timing of supplying the external clock 

10 signal to the photographic sequence control circuits 11 is the 
same, the photographic sequences proceed in perfect accord 
after the reset. The control logic circuit 18 performs con- 
trols so that the point of time TB2 for supplying the external 
reset signal is a predetermined time from the point of time 

15 for setting photographic conditions. 

(Step Q4) Supply external trigger signal and start 
photography: 

As an external trigger signal is supplied from the 
synchronous photography timing controller 3 to the camera 

20 1A at a point of time TB3 as shown in Fig. 7, the camera 1A 
starts photography. As an external trigger signal is sup- 
plied to the camera IB at a point of time TB4 when the cam- 
era 1A completes photography, the camera IB starts 
photography. As an external trigger signal is supplied to 

25 the camera 1C at a point of time TBS when the camera IB 
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completes photography, the camera 1C starts photography. 
The control logic circuit 18 performs controls so that the 
point of time TB3 for supplying the external trigger signal is 
a predetermined time from the point of time for setting 
5 photographic conditions, or coincides with a point of time 
when the synchronous photography timing controller 3 
receives a photography start command signal (e.g. an explo- 
sion occurrence detection signal) from outside the cameras 
via the electric cable 6b. Further, the control logic circuit 
10 18 performs controls so that each point of time TB4 or TB5 
coincides with elapse of a time corresponding to the number 
of photographs (=100) x photographing intervals (about luS) 
= about 100|xS for the camera 1A or IB. 

(Step Q5) Complete relayed synchronous photogra- 

15 phy: 

Photography is performed in a relay mode by the 
cameras 1A-1C as described above. The first camera 1A 
collects a total of 100 photographs, one for each of the first 
frame at start of photography to the 100th frame. The 

20 second camera IB collects a total of 100 photographs, one for 
each of the 101st frame to the 200th frame. The third cam- 
era 1C also collects a total of 100 photographs, one for each 
of the 201st frame to the 300th frame. Thus, 300 photo- 
graphs in total are obtained by continuous photography at 

25 the maximum photographing speed with the three cameras 
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1A-1C. 

Finally, the successive shift synchronous photogra- 
phy will be described. For expediency of description, it is 
assumed here that four cameras 1A-1D are used in the 
5 successive shift synchronous photography. Fig. 8 is a flow 
chart showing a successive shift synchronous photographic 
process. Fig. 9 is a signal waveform diagram showing 
inputting of the various external signals in time of succes- 
sive shift synchronous photography. 

10 (Step Rl) Set successive shift synchronous photogra- 

phy and supply external clock signal: 

As conditions for successive shift synchronous 
photography including the number of cameras to be used are 
set from the camera controller 2, as shown in Fig. 9, the 

15 external clock signal begins to be supplied at a point of time 
TCI from the synchronous photography timing controller 3 
to the cameras 1A-1D. At the same time, the input clock 
selector switch 14 in each camera 1A-1D operates to input 
the external clock signal to the photographic sequence con- 

20 trol circuit 11. In response to the external clock signal, the 
photographic sequence control circuit 11 starts repeating a 
photographic sequence for obtaining one photograph. 

In this successive shift synchronous photography, the 
delaying function of delay circuits 19a-19d causes the exter- 

25 nal reset signal and external trigger signal supplied to have 
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a time lag (phase difference) or delay time At set between the 
cameras 1A-1D of [(photographing interval) + 4 (number of 
cameras) = 1/4 photographing interval = 0.25jxS]. 
(Step R2) Set photographic conditions: 
5 Photographic conditions such as the number of photo- 

graphs and photographing intervals are set and transmitted 
to the cameras 1A-1D from the camera controller 2. Then, 
the cameras 1A-1D are placed on standby. It is assumed 
here that settings are made for 100 photographs and the 

10 maximum photographing speed. 

(Step R3) Supply external reset signal and reset 
photographic sequence: 

An external reset signal is supplied from the synchro- 
nous photography timing controller 3 to the camera 1 A at a 

15 point of time TC2 as shown in Fig. 9. Subsequently, an 

external reset signal is supplied with the delay time At to the 
camera IB. Further, an external reset signal is supplied 
with the delay time At to the camera 1C. With these reset 
signals inputted, each photographic sequence is reset and 

20 the photographic sequence progresses with the delay time At 
from one to the other of the cameras 1A-1D. The control 
logic circuit 18 performs controls so that the point of time 
TC2 for supplying the external reset signal also is a 
predetermined time from the point of time for setting photo- 

25 graphic conditions. The control logic circuit 18 controls also 
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the delay time At for the external trigger signals according to 
the number of cameras. 

(Step R4) Supply external trigger signal and start 
photography: 

5 As an external trigger signal is supplied to the cam- 

era 1A at a point of time TC3 as shown in Fig. 9, the camera 
1A starts photography. Then, as an external trigger signal 
is supplied with the delay time At to the camera IB, the cam- 
era IB starts photography. As an external trigger signal is 

10 supplied with a further delay time At to the camera 1C, the 
camera 1C starts photography. As an external trigger 
signal is supplied with a further delay time At to the camera 
ID, the camera ID starts photography. The control logic 
circuit 18 performs controls so that the point of time TC3 for 

15 supplying the first external trigger signal is a predetermined 
time from the point of time for setting photographic condi- 
tions, or coincides with a point of time when the synchronous 
photography timing controller 3 receives a photography start 
command signal (e.g. an explosion occurrence detection 

20 signal) via the electric cable 6b. The control logic circuit 18 
controls also the delay time At for the external trigger 
signals according to the number of cameras. 

(Step R5) Complete successive shift synchronous 
photography: 

25 The cameras 1A-1D continue photography while 
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maintaining the delay time At, to give way to a next camera 
every delay time At. That is, 400 photographs are obtained, 
with four photographs for each of the first to 100th frames, 
obtained at the intervals of delay time At. Since the maxi- 
5 mum photographing speed is set, this high-speed photogra- 
phy is performed four times as fast as the maximum speed. 

In this embodiment, as described above, the single 
synchronous photography timing controller 3 solely supplies 
all of the external clock signal, external reset signal and 

10 external trigger signal in a coordinated way to each of the 

cameras 1A-1C for performing synchronous photography. A 
timewise corresponding relationship is maintained between 
the external clock signals and between the external reset 
signals supplied to the respective cameras 1A-1C. Thus, 

15 the photographic sequences reset by the external reset 
signals proceed in a timewise corresponding relationship. 
Since the cameras 1A-1C start high-speed photography in 
response to the external trigger signals supplied in a coordi- 
nated way, the high-speed photographing operations of the 

20 cameras 1A-1C also proceed in a strict timewise correspond- 
ing relationship. As a result, the three cameras 1A-1C may 
be synchronized accurately to perform high-speed photogra- 
phy. 

Furthermore, when the single synchronous photogra- 
25 phy timing controller 3 supplies the external clock signal, 
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external reset signal and external trigger signal in the above 
embodiment, the external reset signal and external trigger 
signal may be generated and supplied at proper times based 
on the external clock signal (or a basic clock signal forming 
5 the basis for generating the external clock signal) generated 
within the synchronous photography timing controller 3. 
Thus, the photographic sequence and high-speed photogra- 
phy by each camera may be synchronized on a high level. It 
may be said that accurate synchronization is achieved also 

10 for synchronous photography on an ultra high-speed level. 

The apparatus in the above embodiment is capable of 
performing synchronous photography in any of the 
simultaneous parallel, relayed parallel and successive shift 
modes with the three cameras 1A-1C (the successive shift 

15 synchronous photography being performed with the four 
cameras 1A-1D). Thus, the apparatus can perform 
high-speed synchronous photography that meets the 
purposes of photography. 

Each camera 1 and camera controller 3 may be 

20 interconnected directly, with the synchronous photography 
timing controller 3 removed, for use as an ordinary camera. 
In this way, the apparatus may serve as a highly versatile 
camera. 

This invention is not limited to the above embodi- 
25 ment, but may be modified as follows: 
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(1) In the apparatus in the described embodiment, 
the camera controller 2 and synchronous photography timing 
controller 3 are separate components. A modified appara- 
tus may have the camera controller 2 and synchronous 

5 photography timing controller 3 integrated into one, or inte- 
grated with the cameras 1A-1C as well. 

(2) In the foregoing embodiment, each of the cam- 
eras 1A-1C is constructed to project optical images of a 
photographic subject to the CCD 9 through the image 

10 intensifier 8. Instead, optical images of a photographic sub- 
ject may be projected directly to the CCD 9. 

(3) The foregoing embodiment includes three or four 
cameras, which perform synchronous photography. This 
invention is not limited to the three or four cameras for 

15 performing synchronous photography, but may provide any 
number of cameras, i.e. two or more cameras. 

(4) In the foregoing embodiment, successive shift 
synchronous photography is carried out with four cameras 
1A-1D, the external clock signal at 32MHz (31.25nS), and 

20 photographing intervals of ljxS per frame. Where three 
cameras 1A-1C are used as in the simultaneous parallel 
synchronous photography or relayed synchronous photogra- 
phy, synchronization with the external clock signal will 
result in lags with the delay time At. 

25 That is, where four cameras 1A-1D are used, a time 
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lag of [(photographing interval) * 4 (number of cameras) = 
1/4 photographing interval = 0.25piS] occurs between the 
cameras 1A-1D. Synchronization with the external clock 
signal is possible since the delay time At is clock pulse inter- 
5 val x integer (0.25jxS = 31.25nS x 8 in the case of four cam- 
eras 1A-1D). However, in the case of cameras 1A-1C, a time 
lag of [(photographing interval) * 3 (number of cameras) = 
1/3 photographing interval = approximately 0.33|iS] occurs 
between the cameras 1A-1C. The delay time At cannot be 

10 expressed by clock pulse interval x integer 

In this case, the external clock signal may also be 
deferred by the delay time At. Thus, the three delay 
circuits 19a- 19c may be operated to produce a time lag 
(phase difference) between the external clock signals sup- 

15 plied to the cameras 1A-1C. That is, the delaying function 
of the delay circuits 19a-19c causes the external clock signal 
supplied to have a time lag (phase difference) or delay time 
At set between the cameras 1A-1C of [(photographing inter- 
val) -e- 3 (number of cameras) = 1/3 photographing interval = 

20 approximately 0.33piS]. For the external reset signal and 
external trigger signal also, the delay circuits 19a-19c are 
operated to produce the delay time At. 

(5) For the successive shift synchronous photogra- 
phy in the foregoing embodiment, the external reset signal 

25 and external trigger signal supplied are given the time lag or 
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delay time At of [photographing interval number of cam- 
eras] between the cameras. Synchronous photography may 
be carried out by successively switching the cameras every 
photographing interval t, with each camera operating at 
5 [photographing intervals] x [number of cameras], i.e. Nxt 
where each camera has photographing intervals t and the 
number of cameras is N. Where, for example, photograph- 
ing intervals are l\iS per frame and the number of the cam- 
era is four (N= 4), synchronous photography may be carried 
10 out by extending the photographing intervals to 4\xS for each 
camera, and successively switching the cameras every 
microsecond. 

(6) The apparatus in the foregoing embodiment may 
be programmed to change photographic conditions and 

15 photographing intervals in the course of a photographing 
operation of one camera. In the case of photographing an 
explosion of a balloon, for example, minute photographing 
intervals are required immediately after the explosion when 
rapid changes occur, but after a while changes become some- 

20 what slack and the photographing intervals need not be min- 
ute. Thus, the apparatus may be programmed to change 
the photographing intervals from l^iS per frame immediately 
after the explosion to about 1 millisecond per frame for one 
camera. Where the three cameras are used, photographic 

25 conditions for each camera may be varied such that a 
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photography start command signal (e.g. an explosion occur- 
rence detection signal) is used as the external trigger signal 
to cause the cameras 1A and IB to operate at photographing 
intervals of l\xS per frame, and the camera 1C to operate at 
5 photographing intervals of 1 millisecond per frame. 

(7) In the foregoing embodiment, the photographing 
intervals are about one millionth second (l|iS) per frame (or 
about one million frames per second). The invention is 
applicable also to a photographic apparatus that performs 

10 photography at a video rate (about 0.033 seconds per frame), 
i.e. 30 frames per second. 

This invention may be embodied in other specific 
forms without departing from the spirit or essential attrib- 
utes thereof and, accordingly, reference should be made to 

15 the appended claims, rather than to the foregoing specifica- 
tion, as indicating the scope of the invention. 
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